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Abstract 
Background: Telerehabilitation has been identifi ed as an effective treatment that promotes exercise 
rehabilitation in individuals with multiple sclerosis (MS). Social support is recognised as a core element of such 
interventions. However further research is needed to consider the role and value of different social support 
domains. 
Aim: Review available literature to assess and synthesise the use and value of social support within 
telerehabilitation interventions for individuals with MS.
Method: A narrative synthesis was conducted. A systematic search of included articles was conducted. 
Electronic databases were searched from inception to January 2017. Other search methods were undertaken. 
Evaluation and synthesis of included articles utilised risk of bias assessment and a 4-stage synthesis process.
Main Results: A total of fourteen studies, involving 718 participants (505 female, 213 male; aggregated 
mean age 47.6 years) with MS, were included. Esteem support was the most frequently reported method of social 
support, followed by informational, emotional and tangible. It would appear social support can be benefi cial in 
assisting participants to adhere to treatment interventions. Visual feedback may be directly benefi cial to improve 
impaired balance in individuals with MS. A model for future interventions is provided. 
Conclusions: Social support appears to increase the adherence of participants with MS to telerehabilitation 
interventions. Unique fi ndings provide an indication for the direction and content of future interventions. Further 
research is necessary to ascertain the optimal types and frequencies of social support delivery and its effect on 
health outcomes for participants with MS.
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Introduction
Multiple sclerosis
Multiple Sclerosis (MS) is a chronic, neurological condition, characterised by 
demyelination in the central nervous system. Motor weakness, fatigue and impaired 
mobility are symptoms of the disease [1]. The symptoms typically worsen with 
disease progression, for example after 15 years of being diagnosed with MS 58% of 
patients report noticeably impaired mobility, which increases to 82% following 30 
years of disease duration. This inhibits the function and participation of the diagnosed 
individual, as they are unable to achieve their normal tasks without assistance, or may 
be forced to give up some activities entirely. MS populations consistently report low 
levels of physical activity [2] and poor adherence to treatment interventions [3,4]. 
These two factors are closely associated to increased morbidity and mortality [5]. It 
is therefore crucial that an effective treatment intervention is established, to assist the 
patient to manage their symptoms effectively and to remain as functional as possible. 
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Telerehabilitation
Physiotherapy and exercise has long been acknowledged as beneϐicial for MS 
symptoms. It facilitates an increase in physical function and independence by improving 
physical parameters such as muscular power, endurance and reducing fatigue [6-8]. 
Telerehabilitation is deϐined as “the use of information and communication technologies 
as a medium for the provision of rehabilitation services to sites or patients that are at a 
distance from the provider” [9]. It is considered a form of rehabilitation. Telerehabilitation 
offers an excellent platform in which to provide necessary physiotherapy interventions 
to patients who have limited access to transport or inhabit very remote areas [10]. 
Much of the current literature explores its use in stroke patients (e.g.,[11]), however 
the rehabilitation method is now being implemented across a broader range of patient 
groups, including MS [9,12]. To the best of the author’s knowledge, there is no available 
literature denoting the value of social support in telerehabilitation interventions. 
Social support 
Social support is the provision of resources intended to enhance an individuals’ 
well-being. Past research has deϐined social support domains as functional social 
support (emotional, tangible, information, or esteem) and structural social support 
(group processes) [13,14]. Social support has traditionally been found to be essential 
in rehabilitation interventions. For instance, it can provide motivation of individuals 
with MS to adhere to an intervention [15]. Emotional and esteem support can give 
patients a sense of empowerment and increased conϐidence [16-18]. Particular 
techniques like health coaching and motivational interviewing can enhance adherence 
to rehabilitation interventions. The delivery of timely and accurate informational 
support can improve emotional well-being and increase physical activity [19-21]. 
Literature has highlighted the indirect, positive effect that social support has on 
physical activity in MS participants, through increasing levels of self-efϐicacy [22,23]. 
MS patients typically rely heavily upon health professionals to provide this support 
[21]. However, review evidence [24,25] has identiϐied poor interactions between 
patients with MS and health care professionals. 
As telerehabilitation is a form of rehabilitation that utilises similar social support 
techniques used in mainstream rehabilitation such as health coaching, providing 
personalised information, telephone counselling and motivational interviewing, 
research is needed to consider whether telerehabilitation interventions provide 
similar beneϐits to patients as identiϐied in mainstream rehabilitation [26]. One way 
of establishing the impact of different domains of social support on health-related 
outcomes from telerehabilitation could be achieved, is through the use of a specialist 
review. For instance, an approach such as a narrative synthesis that is able to identify 
elements of the intervention that are attributed directly or indirectly to the results 
obtained. For instance, our group recently developed such a review that could be used 
for such a purpose [27]. Such an approach would be a unique and valuable ϐirst step in 
providing a new solution to inactivity and lack of adherence to interventions in people 
with MS. Thus the purpose of this review was to examine the role and value of social 
support in telerehabilitation interventions for individuals with MS. To the best of the 
author’s knowledge there is no past review which has investigated this. 
Methodology
A subtle realist paradigm was adopted for this review [28]. This paradigm enables 
research to consider central and key features from investigation. The approach does 
not claim to identify a single truth; rather it considers a reality, which many can 
appreciate with likely pragmatic implications generated. 
A narrative synthesis review [29], was undertaken in 3 distinct stages of the process 
are as follows: 1) “developing a theory”, 2) “developing a preliminary synthesis”, 3) 
“exploring relationships” and 4) “assessing the robustness of the synthesis”.  
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Developing a preliminary synthesis 
A comprehensive search of the available literature was performed to identify 
studies examining the use of telerehabilitation in MS populations. Data on the types 
of social support used, the providers of the support and whether study outcomes are 
accredited to the social support implemented, was collected and presented in tables in 
the appendix of the synthesis. 
Search strategy
A systematic search of the available literature was conducted Electronic searches 
of the following databases from inception to January 2017, were performed; Web 
of Science, AMED, EMBASE and CINAHL. Each search strategy combined key terms 
for the type of intervention and the population. The following key terms were used: 
‘telerehabilitation’, ‘tele rehabilitation’, ‘telemedicine’, ‘e-health’, ‘MS’, ‘multiple 
sclerosis’, ‘physiotherapy’, ‘physical therapy’ and ‘rehabilitation’. Standard Boolean 
operators were utilised. Citation chasing of review articles [31,32] and included 
articles was completed in addition to this. Searches were also made on Google scholar 
and by examining the research proϐiles of lead authors from the included studies.
Selection criteria for the review
The SPIDER acronym [30], was used to create the eligibility criteria for this review, 
which is listed below: 
(S) Sample - individuals with a diagnosis of MS. Any studies without participants 
with MS were excluded. Studies with mixed samples were included if separate analysis 
on individuals with MS was provided. 
(PI) Phenomenon of Interest - studies must use a telerehabilitation intervention to 
promote physical activity or exercise, either as the sole intervention or in conjunction 
with other methods. Studies must reference at least 1 of the 4 dimensions of social 
support [27], in their methods section. This allows for comparisons between studies so 
the synthesis can be useful. Additionally, studies must assess a change in participants 
from pre-intervention to post-intervention.
(D) Design - a variety of study design methods were included; randomised 
controlled trials, pre-experimental designs and randomised cross-over trials. 
Qualitative methodologies, case proceedings, case reports and ϐiction-based work 
were excluded. The reason for this was to ensure the studies assessed the effectiveness 
of the intervention. 
(E) Evaluation - subjective interpretation of the use and value of social support in 
the articles, in addition to all outcome measures used in the studies, with the aim of 
establishing associations between the two. 
(R) Research types - to be included, articles had to include quantitative results 
denoting the effects of a telerehabilitation intervention. Studies with qualitative data 
only were excluded. 
Other criteria: all articles had to be accessible in English. 
Study selection process
The primary author screened identiϐied articles, initially by title and abstract. 
Articles that could not be irrefutably excluded based solely on the title and abstract, as 
decided by the primary author and corresponding author were retrieved in full-text. 
The eligibility criteria was then applied to full-text articles. 
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Critical appraisal
The primary author undertook a critical appraisal assessment of the included 
studies. The Cochrane Risk of Bias tool was used (https://www.cochrane-handbook.
org). This tool was selected because it permits subjective judgement of the bias 
present in the studies. This allows author to decide which domains are most important 
within the context of the studies, which is helpful to establish a risk of bias criteria. 
The tool considers 6 domains, which guides and focuses the risk assessment: Selection 
bias (random sequence generation and allocation concealment), Performance bias, 
Detection bias, Attrition bias, Reporting bias and other bias. Studies scored either High, 
Low or Unclear for each domain, from which a summary of risk of bias was determined. 
A risk of bias criteria was established. Studies indicating high risk of bias in 6 or more 
domains, and studies with a high risk of bias in 4 or more domains including both 
performance and detection bias would be excluded. No studies were excluded based 
on this criterion. 
Synthesis
Three stages were conducted for the synthesis by the primary author. The primary 
stage consisted of the identiϐication of the demographics in included studies. This 
encompassed participants’ gender, age and a summary of the intervention. This 
information is presented in a data extraction form (Supplementary Table 1). The 
second stage involved the identiϐication of any of the four domains of social support 
utilised in the studies (Supplementary Table 2), and determining who provided this 
support. Once the provider of the support was ascertained, vote counting was used to 
determine the frequency of support providers across the included studies, details of 
which can be seen in Supplementary Table 3. The third stage categorised the identiϐied 
social support into different functional domains, which is displayed in Supplementary 
Table 4. The secondary synthesis undertaken attempted to establish whether any of 
the study ϐindings can be attributed to the use of social support. This was carried out by 
the primary author, and is summarised in Supplementary Table 5. A further synthesis 
was undertaken by the corresponding author, this was to aggregate the direct or 
implied beneϐits that social support has on intervention outcomes. The results of this 
ϐinal synthesis are presented in Supplementary Table 6. A proposed model for future 
telerehabilitation interventions was created from this ϐinal stage.
Results
Results are presented by focusing on the following sections: (1) summary of included 
studies, (2) critical appraisal of studies, (3) results from the primary synthesis, and (4) 
results from the secondary synthesis.
Considering the summary of included studies
One hundred and ϐifty four articles were initially identiϐied, after applying eligibility 
criteria 14 articles were included in the narrative synthesis. A full description of the 
search strategy utilised is demonstrated through a PRISMA ϐlow diagram (Figure 1).
Three study designs were included: eleven randomised controlled trials, two pre-
experimental designs and one cross-over study. Across the included studies a total of 
718 participants (505 [69.5%] female, 213 male; aggregated mean age 47.6 years) with 
MS were represented. The inclusion criteria varied considerably between the studies. 
All studies included participants with deϐinitively diagnosed MS, but only 5 studies 
required the diagnosis to be deϐined in accordance with the McDonald criteria, [33-
36,12]. Nine studies included either a partial or complete breakdown of the subtypes 
of MS, which identiϐied Relapse-Remitting Multiple Sclerosis (RRMS) as the leading 
sub-type; (RRMS n=425 (85.5% of reported MS sub-type), Primary Progressive MS 
(PPMS) n=22, Secondary Progressive MS (SPMS) n= 50, Unknown n=221). 
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Multiple telerehabilitation interventions were implemented across the studies; 
Web-based interventions (n=4), Telephone sessions (n=3), Home-based machines 
(n=2) and Individualised virtual reality telerehabilitation (n=5), 4 of which speciϐically 
used the Nintendo Wii games console. All telerehabilitation interventions encouraged 
an increase in physical activity or exercise, either as the main intervention or in 
conjunction with other methods. Interestingly only one study [37] referenced a peer 
support component, through an online forum. The predominant intervention setting 
was at the participant’s own homes (n=12), with only two interventions provided in 
an outpatient setting. The duration time ranged from 6-24 weeks, with a median and 
mode of 12 weeks. Many studies lacked an adequately controlled control group; 5 
studies used a waiting list control, 2 studies provided participants with information 
but no program to adhere to and 3 studies lacked a control group entirely. A high 
completion rate across all the included studies was noted. The greatest participant 
dropout rate was in Huijgen et al. [38], which lost 11 out of 81 participants (13.58%), 
however this was a mixed sample of participants and it was not reported whether 
the participants who dropped out had a diagnosis of MS, traumatic brain injury or 
stroke. Detailed information of the included studies’ interventions is presented in 
Supplementary Table 1 in the appendix.
Critical appraisal of included studies
The criteria for types of bias present ((occurrence within studies / total number 
of studies) in the studies were; 1) Selection bias-random sequence generation (3/14, 
21.4%), 2) Selection bias-allocation concealment (10/14, 71.4%), 3) Performance 
bias (14/14, 100%), 4) Detection bias (1/14, 7.1%), 5) Attrition bias (2/14, 14.2%), 
6) Reporting bias (1/14, 7.1%), 7) Other bias (11/14, 78.6%) due to an absence of 
published protocols. Many studies (5/14, 35.7%) contained unclear, or inadequately 
reported blinding of the assessors. The most common type of bias was Performance 
bias, present in all studies, due to the inability of the studies to blind participants. 
All the included studies contained at least 1 domain that scored high for risk of bias. 
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Figure 1: Study Selection fl ow diagram (an adapted version from Moher et al.) [54].
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Table 1: Summary table of the overall risk of bias in included studies.
Study Component of risk of bias
Summary 
within trial Comments on high risk components
1 2 3 4 5 6 7
Bombardier 
[51] L L H L L L L
H= 1
L= 6
U= 0
Performance bias: participants not blinded
Brichetto [33] L H H L U L H
H= 3
L= 3
U= 1
Selection bias: no allocation concealment
Performance bias: participants not blinded 
Other bias: no previously published protocol
Dlugonski [52] L H H U L L H
H = 3
L = 3
U = 1
Selection bias: no allocation concealment
Performance bias: participants not blinded 
Other bias: no previously published protocol.
Finkelstein 
[34] H H H U L L H
H= 4
L= 2 
U= 1
Selection bias: no randomisation, no allocation 
concealment
Performance bias: participants not blinded
Other bias: no previously published protocol
Huijgen [38] U H H U L L H
H= 3
L= 2
U= 2
Selection bias: no allocation concealment
Performance bias: participants not blinded
Other bias: no previously published protocol
Mercier [39] L H H L H H H
H= 5
L= 2
U= 0
Selection bias: no allocation concealment
Performance bias: participants not blinded
Attrition bias: reasons not documented for participants 
lost to follow-up
Reporting bias: multiple missing P-values for 
experimental group satisfaction outcomes
Other bias: no previously published protocol
Motl [37] U L H H L L H
H= 3
L= 3
U= 1
Performance bias: participants not blinded
Detection bias: assessors not blinded
Other bias: no previously published protocol. 
Nilsgård [35] L L H L L L L
H= 1
L = 6
U= 0
Performance bias: participants not blinded
Ortiz-Gutiérrez 
[36] H H H L L L H
H= 4
L= 3
U= 0
Selection bias: not completely randomised, no allocation 
concealment
Performance bias: participants not blinded
Other bias: no previously published protocol
Paul [8] L H H U L L H
H= 3
L= 3
U= 1
Selection bias: no allocation concealment
Performance bias: participants not blinded
Other bias: no previously published protocol
Pilutti [53] L H H U L L H
H= 3
L= 3
U= 1
Selection bias: no allocation concealment
Performance bias: participants not blinded
Other bias: no previously published protocol
Plow [40] H H H U H L H
H= 5
L= 1
U= 1
Selection bias: no randomisation, no allocation 
concealment
Performance bias: participants not blinded
Attrition bias: no reasons provided for 5 participants 
drop-outs
Other bias: no previously published protocol
Prosperini [12] L H H L L L L
H= 2
L= 5
U= 0
Selection bias: no allocation concealment
Performance bias: participants not blinded
Turner [41] L L H L L L H
H= 2
L= 5
U= 0
Performance bias: participants not blinded
Other bias: no previously published protocol
Note: Studies denoted by fi rst author. Risk of bias criteria: 1) Selection bias-random sequence generation, 2) Selection 
bias-allocation concealment, 3) Performance bias-blinding of participants and personnel, 4) Detection bias-blinding 
of assessors, 5) Attrition bias-incomplete outcome data, 6) Reporting bias-selective outcome reporting, 7) Other bias-
threats to the validity of the results. Level of risk: H) high risk of bias, L) low risk of bias, U) unclear risk of bias.
Two studies reported high risk of bias in only 1 domain, performance bias, which as 
previously mentioned is notoriously difϐicult to avoid in physiotherapy trials. Overall, 
4 studies, [34,36,39,40], exhibited at least 4 types of bias out of a potential 7. One study 
[35] scored highly in the risk of bias for both performance and detection bias. This lack 
of blinding is likely to impact the validity and reliability of the results obtained from 
this study. An in-depth review of the risk of bias in the included studies can be viewed 
in table 1. 
The primary synthesis
Provider of social support within each study: The main providers of support 
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identiϐied throughout the studies were Research Personnel (n=11), Telerehabilitation 
machines (n=11) and HCP staff (n=10). 12 of the included studies utilised more than 
one source to provide social support. Prosperini et al. [12] and Ortiz-Gutiérrez et al. 
[36] had the greatest number of different providers of support (n=4). Supplementary 
Table 3 contains a full analysis of support providers per included study. 
Types of functional social support utilised by each intervention: There was 
a total of 169 identiϐied uses of social support across the included studies. Esteem 
support was the most frequently provided type of support (64/169) representing 
37.87%, closely followed by Informational support (59/169, 34.91%). Emotional 
support represented 15.98% of social support uses (27/169). Tangible support was 
the only identiϐied type of support not present in all included studies (n=10/14), with 
only 19/169 occurrences (11.24%). Details of this can be seen in Supplementary table 
2. 
A full breakdown of the different domains of social support provided is displayed 
in Supplementary Table 4. 
Esteem support was most frequently provided through i) encouragement 
during the intervention sessions (n=33). This was mainly provided through verbal 
encouragements by physiotherapists and research personnel. Other methods included, 
discussing participant progress, self-monitoring undertaken by the participants, verbal 
and text-based performance feedback, offering participant choice and adapting the 
intervention program to suit individual participants. A large amount of encouragement 
was ii) delivered outside the main intervention sessions (n=26), again with a large 
focus on participant self-monitoring. Lastly, iii) visual feedback (n=6) was provided 
from digital screens. This included visual displays of interactive exercises, and online 
graphs to track progress. 
Informational support comprised of; i) informative sessions (n=13) delivered 
through regular, scheduled sessions and accessible web-based information. This 
included sessions targeting participant’s barriers to physical activity. ii) Exercise 
prescription and instructions on how to correctly perform exercises (n=12), iii) 
technical assistance and support (n=9) predominantly focussed around equipment 
use. Information about other available services was also provided. iv) outside the main 
intervention sessions (n=9). Four studies supplied reminders and alerts to engage 
and inform participants about new available content and upcoming assessments. v) 
Information on the study procedure was provided prior to the study commencement 
(n=9) and vi) via text-based information (n=7) in manuals, brochures, resource books 
and website content.
Emotional support included; i) support provided during sessions (n=11) using 
four methods; personal delivery, telephone delivery, via video conferencing and web-
based support. Three additional sub-types of emotional support were, ii) assistance 
to access others (n=9), iii) supervision of the intervention (n=4) in person and via the 
internet, and iv) support provided outside the session (n=3), which was provided over 
telephone calls. 
Tangible support was predominantly provided through i) ϐinancial assistance (n=8) 
with free telephone calls, pre-paid envelopes and rewards and prizes available to 
participants. ii) Provision of study material (n=6) which was indicated in ϐive studies. 
Four studies iii) installed the equipment into the participant’s homes (n=4). One study 
[35] iv) provided physical assistance (n=1), where the physiotherapist controlled the 
Wii remote to maximise intervention intensity.
Thes secondary synthesis
The attributed beneϐits of social support on telerehabilitation outcomes are 
documented in Supplementary Tables 5, 6 and 7. It would appear the provision of social 
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support can indirectly improve health outcomes of a telerehabilitation intervention 
through a number of techniques. Esteem support can directly and indirectly aid 
participants’ adherence to treatment interventions, which is supported by the very 
high completion rates noted in the included studies. This has been indicated through 
a range of methods, including direct support from staff (n=8), discussions to tackle 
participant’s barriers to treatment (n=4), and goal setting (n=3). Five studies reported 
signiϐicant increases in levels of physical activity post-intervention, which may be 
attributed to this esteem support participants received. Esteem support provided by 
visual feedback from digital screens in telerehabilitation appeared to render direct 
improvements to participant’s balance in the post-intervention evaluations. This 
was accompanied by a moderate risk of summarised bias. Informational support was 
found to directly and indirectly beneϐit participants through an increase in adherence 
to treatment leading to increases in physical activity. This was delivered in a variety of 
ways; verbal information, informative web-based sessions, technical support sessions 
and text-based information e.g. resource books. However, a high risk of bias existed in 
the summary of accumulated evidence for informational support. A summary of these 
beneϐits is provided in ϐigure 2, which represents a model of the most effective social 
support provision from an accumulation of evidence (see Supplementary ϐile: Table 7).
The model summarises the effective methods of social support used to promote 
adherence, motivation and outcomes for individuals with MS. Six stages are proposed 
and are represented as below. Stages 1-3: represent an initial training and support for 
physical activity or exercise intervention or activity that is going to be undertaken. The 
aims are to: (a) teach individuals how to use the web-site or app, (b) draw up agreed 
goals using principles of shared decision making and (c) to provide training related 
information. Stage 4: This stage is the main support system based on the internet or 
through an app that provides support. This could take the format of a messaging system, 
a video contact system. This stage could involve different stakeholders for instance, 
health care professionals and/or peers. Stage 5-6: These stages include identiϐication 
of whether or not an individual has met the requirements through documented 
progress via the Internet or application. Where progress has occurred feedback via the 
Internet or application is given. If the progress is not sufϐicient or participant has not 
engaged with the intervention additional support and support systems can be utilised 
(e.g., support through motivational interviewing). Support at this stage will be at the 
level of contact with a health care professional. 
1. Tele-rehabilita?on 
training and support for 
use online website or 
app. 
2. Goal se?ng ac?vity and 
planning 
3. Technique or training 
related and based 
informa?on 
4. Behavioural coaching and 
personalised support system 
5a. Meet goals 
5b. Don’t meet 
goals or experience 
an adverse event 
6b Feedback and Support to: 
Enhance behaviour change 
Overcome barriers or 
adverse events 
Listening support 
Intervention 
ends  
Intervention 
begins  
6a. Feedback system 
Figure 2: The Proposed Model of Effective Social Support Needed for Telerehabilitation Interventions.
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Discussion
Main ﬁ ndings
This is the ϐirst study to identify the potential value and beneϐits of different 
forms of social support within telerehabilitation for individuals with MS. A total of 
14 studies were included in the ϐinal synthesis to investigate the signiϐicance of social 
support in conjunction with telerehabilitation interventions to promote or increase 
levels of physical activity for individuals with multiple sclerosis. There was marked 
heterogeneity between the included studies with regards to trial characteristics, 
telerehabilitation interventions and outcome measures used. Additionally, management 
of the control group greatly differed between studies, from waiting list control groups, 
typical exercise interventions, to no control group. While a few studies implemented 
telerehabilitation as an adjunct to other intervention methods, the majority of studies 
utilised telerehabilitation as the main component. Presently, there is limited evidence 
of telerehabilitation performed in the multiple sclerosis patient group therefore this 
review represents a best-evidence synthesis of the available literature. The ϐindings 
from this narrative synthesis identiϐied the type of social support utilised and its 
inϐluence on health outcomes in telerehabilitation interventions. It was not able to 
distinguish optimum types and frequencies of social support delivery.
Providers of social support
The most frequent providers of support were research personnel and the 
telerehabilitation technologies, rather than HCPs. This is unsurprising given the 
reduced patient-professional contact time that typically exists in telerehabilitation 
interventions. In past literature, patients with chronic diseases, such as MS, have 
relied on established patient-practitioner relationships as a primary source of social 
support [21]. Clearly the opportunity to develop meaningful relationships with 
staff is limited due to the reduced contact time, particularly during home-based 
interventions. Technological advances have enabled telerehabilitation machines to 
interact with participants and provide social support [10]. This is demonstrated in the 
Turner et al. [41], where encouraging statements were imparted to the participants 
by the telehealth home monitoring system on completion of goals. Continually, the 
telerehabilitation systems are well equipped to present information on participant’s 
physical performance through graphs and charts. A promising ϐinding from this review 
is the participant satisfaction with the support they received, despite the reduced 
patient-practitioner contact. It may be that knowledge that a practitioner is monitoring 
their progress, and possession of contact details for assistive staff, is sufϐicient to satisfy 
the participants support needs. This suggests that telerehabilitation is equipped to 
provided adequate support for the participants, however further research is required 
to cement this notion. 
Functional types of social support provided 
Esteem support was the most frequently provided support sub-type across all 
included studies. This was commonly provided through verbal encouragements, 
discussion of participant progress, personal goals and facilitating participant 
choice. Through the use of advanced technologies, in conjunction with healthcare 
professionals and research personnel, telerehabilitation has an extra method that 
can provide esteem support that is not available in more traditional physiotherapy 
rehabilitation programs. This offers a possible reason for the large reported use 
of esteem support. Informational support ensued as the second more frequently 
identiϐied support sub-type. Informational support, as demonstrated in the results and 
Supplementary Table 4, can be delivered through a vast variety of techniques. This 
included verbal information delivered personally, over the internet or telephone, text-
based information on the internet and in material resources, and images displaying 
exercise techniques and performance statistics. Furthermore, this support type is 
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easy to provide and to report. These factors could explain the high level of reported 
informational support. Emotional support was third most commonly provided. It 
is possible that due to the reduced participant-professional contact reported in the 
telerehabilitation interventions, that emotional support was less frequently provided 
and received. Conversely, it may be that emotional support was less sought after, due 
to the vast amount of esteem and information support provided. As expected, tangible 
support was the least frequently reported social support sub-type, and absent in four 
studies. Tangible support is primarily required when an individual’s assets are lost, an 
event which did not occur in any of the studies. 
Beneﬁ ts attributable to social support
The results from this study found esteem support to be directly and indirectly 
linked to participant adherence. Goal setting appeared to be a useful technique to 
motivate participants. This is supported by previous literature [24], which also 
advocates participant involvement in goal setting to empower the patient to achieve 
their targets. Although long term goals can have negative consequences if they are too 
difϐicult or appear daunting, completion of short term goals can generate feelings of 
optimism and control of one’s own life, which may motivate participants to engage. 
Provision of esteem support through verbal encouragement and motivation, renders 
escalated levels of self-efϐicacy, which is a signiϐicant predictor of self-reported health 
status in people with MS [16]. Raised self-efϐicacy increases the perceived ability of one 
to achieve a task or handle a situation. This increases the likelihood of participants to 
utilise the intervention and complete their program. Furthermore, Motl and Snook [23], 
found raised self-efϐicacy is signiϐicantly linked to increased levels of physical activity in 
individuals with MS. This may be a contributing factor to the adherence to interventions 
involving exercise and physical activity. Increased adherence to interventions should 
generate greater health improvements in participants, thus esteem support can be 
indirectly linked to the health improvements attained following a telerehabilitation 
intervention to promote physical activity and exercise in individuals with MS. In 
contrast, esteem support can have negative impacts and create participant resentment 
if delivered in a dominating and intrusive manner. It is therefore important to work 
with participants on an individual level to ensure the positive beneϐits of this support 
are obtained, and the negative consequences are minimised.
This narrative synthesis suggests that visual feedback via digital screens during 
telerehabilitation can directly improve impaired balance in individuals with MS. The 
positive ϐindings from the included studies that encompass visual feedback may be 
attributed to an improvement in the participant’s ability to perform appropriate 
postural reactions in response to the proprioceptive stimuli [12]. Work performed on 
stroke patients offers an additional explanation. One study suggests that the repetition 
of exercises and continual visual feedback catalyses the motor learning process, leading 
to greater motor performances [42]. However, a very small sample of the included 
studies considered visual feedback, therefore further research is required to evidence 
how visual feedback can improve balance in participants with MS.
Informational support is an important aspect of healthcare delivery for people 
with MS. Low levels of perceived provision of information is associated with distress 
and dissatisfaction with healthcare services [20]. A large qualitative study by Gulick 
[43], reported low levels of perceived informational support in both male and female 
participants with MS. As informational support was the 2nd most provided support 
sub-type across the included studies, it suggests a great improvement in the provision 
of information for MS participants over the last 20 years. This study proposes 
informational support can indirectly improve health outcomes in participants through 
improved adherence to interventions. This is supported by past literature, which found 
signiϐicant associations between informational support and health promotion with 
consequential increases in physical activity [19] and there are a number of reasons as to 
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why this could be. Methley [21], highlighted the beneϐits of timely information delivery 
on participants’ emotional wellbeing. Half of the included studies provided intervention 
information prior to study commencement in addition to information throughout the 
study. This may have proved advantageous by increasing the participants’ conϐidence 
and reducing feelings of stress as they knew what to expect from the intervention, and 
could prepare accordingly. Copious technical instruction and directions for exercise 
execution were provided across all included studies. There is evidence to suggest that 
the informational support provided was valuable in assisting the participants to utilise 
the intervention effectively, which may have led to participants experiencing feelings 
of ‘mastery’, which motivates them to continue to utilise the intervention. Information 
addressing personal barriers to activities may provide participants with the tools to 
overcome difϐiculties, which reduces the risk of intervention cessation. It is therefore 
likely that the provision of informational support is useful in increasing physical 
activity in people with MS, which could lead to functional health improvements as a 
result. 
Despite frequent descriptions of the beneϐicial aspects of peer support for 
information exchange and empowerment in participants with MS in the literature 
[17,18], only one study facilitated peer support through an online forum. There 
is some research to suggest that emotional support is most effectively provided by 
similar others [44], as they can connect over shared experiences. An addition of a 
peer support was suggested in the discussions of three studies, with the potential 
to increase motivation and provide empathy. It is likely this would be a beneϐicial 
adjunct to a telerehabilitation intervention as an additional source of motivation and 
encouragement, although further research speciϐically regarding this value of a peer 
support group is required. 
Implications
The results from this review suggest that patients with MS will beneϐit from social 
support provided during telerehabilitation interventions. This is inferred through 
positive associations between different social support techniques and participant 
health outcomes, through direct and indirect effects on participant adherence, self-
efϐicacy and motivation. Implications from the current review have been amalgamated 
to produce clinical recommendations for the provision of social support within 
telerehabilitation interventions promoting physical activity or exercise for patients 
with MS. Given the current ϐinancial and time pressures facing clinicians, it may initially 
appear challenging to adequately deliver this support. However, if social support can 
achieve improvements in patient health outcomes, and consequently alleviate some 
pressure on NHS resources, then providing the social support is a valuable endeavour. 
Figure 2 provides a suggestion for the effective design of new telerehabilitation 
interventions. It should be noted that further research is required to assess and 
conϐirm these implications. 
Recommendations on the use of esteem support to increase adherence
Esteem support should be provided for participants engaging in a telerehabilitation 
intervention. Goal setting, with participant involvement, should be a key feature, a 
concept which is already used in neurological physiotherapy rehabilitation, albeit 
inconsistently [24]. Focus should be paid to setting short-term achievable goals 
to engender feelings of optimism and self-conϐidence. Patients should have direct 
involvement to their rehabilitation, and where possible be offered a choice of preferred 
activity. Frequent use of verbal encouragements is suggested throughout treatment 
sessions. This can be provided by healthcare professionals, research personal or 
family and peers. Patients can also be motivated outside of intervention sessions, 
through the provision of devices, such as logbooks and visual displays of progress e.g. 
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pedometers or digital graphs. This enables self-monitoring and assessment of their 
personal progression through the treatment session, which may be motivational. 
Where possible, visual feedback via digital screens during individualised virtual reality 
telerehabilitation is recommended to improve balance in MS participants. 
Recommendations on the use of informational support to increase adherence
A large amount of informational support, in a variety of formats, should be provided. This 
can help reduce levels of distress amongst participants [20] during intervention sessions. 
Information, involving training sessions with the telerehabilitation technologies, should be 
constantly accessible to participants. It may also be beneϐicial to offer informational support 
before embarking on independent use of the telerehabilitation method. The opportunity 
for participants to trial the intervention and work through any difϐiculties with the 
technology alongside a trained professional could reduce the likelihood of technical 
difϐiculties at a later stage, enhancing participant use. Participants should receive 
information about optimum exercise execution to improve ease performance. 
Continually, participants should be informed on the beneϐicial effects that physical 
activity can bring them, as this provides reasoning behind why they need to adhere to 
their treatment and can help participants ϐind motivation. It may be beneϐicial to offer 
speciϐic sessions to target overcoming barriers to activities, which would allow them 
to continue with their rehabilitation. Providing participants with the knowledge and 
skills to be able to self-monitor their performance and progress is necessary, as this 
can provide needed motivation and health care professionals are not always available 
to provide this information. 
Limitations
Methodological limitations 
Numerous methodological limitations of the study were noted. There was signiϐicant 
heterogeneity of the evidence, with regards to a large variety of outcome measures 
used, use of social support and the diverse telerehabilitation treatment interventions 
implemented (supervised virtual reality, telephone delivery, web-based delivery). It is 
challenging to draw conclusions from this vast variety of intervention types and social 
support delivery, which creates a difϐiculty when attempting to establish valuable 
clinical recommendations. 
The included studies contained high risks of bias. The majority (n=10) of the 
included studies contained at least 3 components which ranked high for risk of bias, 
which included performance bias (n=14) and allocation concealment bias (n=10). 
Details can be found in table 1. This can have signiϐicant consequences to the internal 
validity of included studies [45]. A lack of double blinding, which was present in all 
included studies because it was not possible to blind participants to their treatment 
interventions, can result in signiϐicantly exaggerated treatment effects. It should 
also be noted that 6 of the included studies ranked ‘unclear’ for detection bias due to 
inadequate or imprecise reporting of study personnel blinding. While this is a common 
ϐinding in the literature [46], it can have detrimental implications to the validity of the 
ϐindings nonetheless. Additionally, treatment effect sizes can be exaggerated where 
there is an absence of adequate allocation concealment. 
The overall sample size of included articles was small (n=14). This can be 
attributed to the small evidence base existing for telerehabilitation in participants 
with MS. Additionally, the included articles contained relatively small sample sizes, 
with an average of 51 participants per study. The implications of this may be imprecise 
treatment effect sizes, which do not accurately reϐlect the effect of the intervention 
[45].
There was a signiϐicant lack of long-term follow-up assessments, with only 2 of the 
studies performing any follow-up assessment at all. This may have disregarded any 
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maturation of participants, which if considered, may have affected internal validity 
[45]. In addition to this, the long-term effects of the treatment interventions remain 
unknown. For participants with MS, an evolving, progressive disease, it would be 
valuable to ascertain the participants’ capabilities of performing the intervention as 
their disease progresses. 
A large limitation of the included studies is the limited reporting of speciϐic social 
support techniques used. Five of the studies contain the phrase ‘social support’, despite 
the subjectively identiϐied use of social support in all studies (see Supplementary Table 
2). Many instances of social support are delivered in a casual, mundane way, which 
renders them ‘invisible’ as social support provision, and hence can be over looked. 
Due to this, not all applications of social support are accurately identiϐied. This may 
undermine conclusions made. 
There may also be a language bias as studies not accessible in English were 
excluded. Continually, publication bias cannot be ruled out as the search strategy may 
have missed some potentially valuable results from studies that are yet to be published.
Bias within the data
There were some threats posed to the internal validity of included studies. Although 
unavoidable, no participants involved in the studies were blinded, which increases 
the likelihood of biased assessment outcomes. Poor regulation of the control group 
activity, as demonstrated in most of the included studies (by a wait-list control group 
or absence of a control group), poses a signiϐicant risk to the treatment ϐidelity, which 
again, threatens the internal validity of the study outcomes. Comparison against a 
waitlist control group, which by nature guarantees that the intervention group receive 
more rehabilitation, creates a bias in favour of the intervention group. This is because 
the intervention group are then more likely to achieve improvements as a result of 
increased intensity and frequency of rehabilitation. 
The overall number of women included in the trials greatly exceeded the number 
of men, with all but two studies comprising of more than 50% female participants. 
Although the prevalence of MS is higher in females in the UK according to Mackenzie 
et al. [47], the exact ratio of females to males is not accurately represented in the 
studies, and is therefore not a true representation of the MS population. The reporting 
of participant ethnicity was very poor throughout the studies. The sample populations 
were predominantly white, non-Hispanic in the studies, which reported data for 
ethnicity (n=4). The risk factors for MS vary across different ethnicities [48], and an 
underrepresentation of ethnic minorities in this synthesis would reduce the external 
validity of results to wider populations than were analysed. Furthermore, all included 
studies were conducted in the Western hemisphere; therefore this may limit the 
generalisability of the results to participants from this region. 
There was limited information of the participant’s sub-type of MS available 
throughout the included studies. Of the studies, which identiϐied the diagnosed MS 
sub-type, RRMS was the leading subgroup of MS represented in this synthesis. The 
categorical differences between subtypes of MS inϐluence the course of the disease, 
which has implications on an individuals’ ability to participate in certain activities. It is 
therefore not necessarily appropriate to generalise results gained predominantly from 
RRMS participants across different subgroups of MS, hence the external validity of the 
results may be compromised. 
Many of the included studies had strict inclusion and exclusion criteria, which 
restricts the external validity of the results. A selection bias may have occurred in 7 
studies, which required participants to possess either a coloured television, phone 
access or Internet access. This may reduce external validity, because participants from 
lower socioeconomic backgrounds who lack the capacity to ϐinance the equipment 
may been overlooked. 
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Half of the studies excluded potential participants with a mental health condition. 
Literature demonstrates a high prevalence of psychiatric disorders among the MS 
population [49], therefore by excluding this group, a large proportion of potential 
participants would be lost. It also creates a knowledge gap of the treatment effects on 
this particular group of MS patients. Hence, the studies are not representative of the 
whole MS population and generalisability of the results is reduced. 
Limitations of the synthesis
To the authors knowledge, this is the ϐirst review of its kind. The format of a 
narrative synthesis enabled the author to collate information from a variety of studies, 
with diverse treatment interventions, which may not have been possible with another 
form of review [50]. The primary author, and undergraduate University student, 
reviewed and synthesised the included studies. The results of the synthesis are limited 
due to the subjective techniques utilised to identify social support and to analyse the 
included studies and study outcomes. The overall accuracy of the synthesis may have 
been improved with contributions from additional authors. Furthermore, researcher 
bias is likely to have occurred, as all sections on the synthesis were completed by 
the non-blinded primary author. With respect to this, caution should be taken when 
acknowledging the results. The synthesis was not able to deduce deϐinite consequences 
of speciϐic social support techniques, nor were optimum frequencies of social support 
identiϐied. Further research is need to ascertain this information.
Recommendations for future research
Additional information about patient preferences of social support is required to 
establish optimum types and frequencies of social support used within telerehabilitation 
interventions. Research should be undertaken on whether telerehabilitation technology 
encompasses adequate sources of social support, with respect to participant satisfaction 
and how best to implement social support in telerehabilitation in conjunction with 
current guidelines and policies. Future research should aim to ascertain the direct 
results of social support on health outcomes following a telerehabilitation intervention 
to promote physical activity and exercise. 
Conclusion
This review has identiϐied the broad variety of social support used within 
telerehabilitation interventions for participants with MS. There is some evidence which 
indicates social support is beneϐicial to increase levels of adherence to interventions, 
indirectly resulting in improved health outcomes. Due to the limitations of the included 
studies, it was difϐicult to determine the direct impact of social support on the health 
outcomes of participants. Therefore, more research is required to investigate the 
value of social support in telerehabilitation interventions on the health outcomes of 
participants with MS. 
(Supplementary Tables 1-7)
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